Abstract-We assign to each nonzero complex polynomial the minimum of the absolute values of its roots. We show the simple principle that this minimum depends continuously on the coefficients of the polynomial is sufficiently powerful to give a very elementary proof of Rudin's stability theorem for multivariable polynomials. Moreover, we show that the polynomial version of a generalization of Rudin's theorem due to Hertz and Zeheb is obtained as a consequence of this principle.
I. INTRODUCTION
R UDIN'S theorem was first proved in [6] using multivariable homotopy theory. This result is of fundamental importance in the study of stability tests for multidimensional filters. Delsarte, Genin, and Kamp [3] give a proof of Rudin's theorem using results in Fourier analysis. Our object here is to give a geometric continuity argument, which is both elementary and conceptually clear. It is well known that the zero set of a polynomial varies continuously with its coefficients. Consequently, the minimum of the absolute values of the roots of a polynomial varies continuously with the coefficients. In [2] , we gave an independent proof of this continuity result and used it to give a strengthened version of Huang's theorem in two dimensions. We show, in this paper, how Rudin's theorem and a generalization due to Hertz and Zeheb [4] can be deduced from this simple principle, together with quite elementary arguments. Excellent background references on stability of multidimensional filters include [1] and [7] .
We employ the following notation:
We use for the unit polydisk, for the corresponding torus and for the corresponding diagonal. 
III. PROOF OF THE -DIMENSIONAL RUDIN'S THEOREM FOR POLYNOMIALS
We generalize the two-dimensional (2-D) arguments above. First, we show how the search for zeros on any that has complex dimensions can be reduced to a search of a oneparameter family of tori of real dimensions. In fact, there is some choice in how this one-parameter family is defined. iii) for some continuous functions mapping to and mapping the unit circle to with positive winding number on for . In their paper [3] , Delsarte, Genin, and Kamp show that in the presence of condition i) of Theorem 3, some one-variable homotopy theory may be applied to show that the condition ii) is equivalent to iii). While they give the argument only for the case , it generalizes readily to arbitrary . They also point out that since functions analytic on the interior of and continuous on can be uniformly approximated by polynomials, the theorem can be extended to the larger class of functions.
IV. THE GENERALIZATION OF RUDIN'S THEOREM
We now show how the generalization of Rudin's theorem due to Hertz and Zeheb in [4] on . This, together with iv), allows us to apply Theorem 3 to obtain on . So on and the proof is complete.
V. CONCLUSION
We have given a short and conceptually simple proof of Rudin's theorem for multivariable polynomials, which does not use any homotopy theory, as in Rudin's original proof or results of Fourier analysis, as in [3] . Theorem 5 obtains the polynomial version of the generalization of Rudin's theorem due to Hertz and Zeheb [4] . The original proof in [4] is more complicated and assumes Rudin's theorem and depends on results developed by Zeheb and Walach [8] . The extension of these theorems to the nonpolynomial case can be accomplished by the one-variable homotopy method outlined in [3] . The manner in which we developed the generalization shows Huang's theorem as a special case. For an alternate proof of Huang's theorem, see [5] . In their paper, Hertz and Zeheb indicate how several results in the literature occur as special cases of Theorem 5. In [4] , they provide examples of applications of this generalization.
